The aim of this research is the performance evaluation of the termographic cameras for possible use for photogrammetric documentation and deformation analyses caused by moisture and isolation problem of the historical and cultural heritage. To perform geometric calibration of the termographic camera, the 3D test object was designed with 77 control points which were distributed in different depths. For performance evaluation, Flir A320 termographic camera with 320x240 pixels and lens with 18 mm focal length was used. The Nikon D3X SLR digital camera with 6048 x 4032 pixels and lens with 20 mm focal length was used as reference for comparison. The size of pixel was 25 μm for the Flir A320 termographic camera and 6 μm for the Nikon D3X SLR digital camera. The digital images of the 3D test object were recorded with the Flir A320 termographic camera and Nikon D3X SLR digital camera and the image coordinate of the control points in the images were measured. The geometric calibration parameters, including the focal length, position of principal points, radial and tangential distortions were determined with introduced additional parameters in bundle block adjustments. The measurement of image coordinates and bundle block adjustments with additional parameters were performed using the PHIDIAS digital photogrammetric system. The bundle block adjustment was repeated with determined calibration parameter for both Flir A320 termographic camera and Nikon D3X SLR digital camera. The obtained standard deviation of measured image coordinates was 9.6 μm and 10.5 μm for Flir A320 termographic camera and 8.3 μm and 7.7 μm for Nikon D3X SLR digital camera. The obtained standard deviation of measured image points in Flir A320 termographic camera images almost same accuracy level with digital camera in comparison with 4 times bigger pixel size. The obtained results from this research, the interior geometry of the termographic cameras and lens distortion was modelled efficiently with proposed approach for geometric calibration.
INTRODUCTION
In the recent years, the digital and thermal infrared cameras have provided powerful tools for photogrammetric documentation of cultural and historical buildings, deformation analysis of buildings and bridges in different investigations. Digital cameras became very popular with their high resolution and automation possibilities in digital photogrammetric documentation. Digital cameras and thermal imaging systems widely used in modern medical, automotive, industrial, architectural, and military applications. (Dominic and Mccafferty, 2007) . The use of these thermal imaging systems and cameras is increased for documentation of the historical and cultural heritage, 3D modeling, deformation analysis, restoration and conservation applications (Grinzato et al., 2002) .
Thermal imaging systems are the sensor systems, records the temperatures emitted by the objects in infrared region especially in long infrared region (7-20 µm) . IR thermography transforms the thermal energy, emitted by an object in the infrared band of the electromagnetic spectrum, into a visible image. These sensor systems are enable photogrammetric documentation and deformation analyses caused by moisture and isolation problem in wet areas recorded as historical and cultural heritage which is not possible only use of digital cameras (Rezzi et al., 2007) . Infrared (IR) thermography has been extensively used in documentation of cultural heritage, in particular for art work studies (Pelagotti et al., 2007 , Ghedini et al., 2003 and for monitoring and conservation of historical buildings (Moropoulo et al., 2001 ).
The geometric accuracy in photogrammetric documentation, deformation analyses and monitoring studies of historical buildings with termographic cameras mainly related with geometric performance of camera. In this research, the performance evaluation of the termographic cameras is aimed for possible use for photogrammetric documentation and deformation analyses caused by moisture and isolation problem in wet areas which was recorded as historical and cultural heritage. The geometric calibration procedure for termographic camera is presented and tested using the Flir A320 termographic camera. The Nikon D3X SLR digital camera was calibrated and used as reference for comparison.
METHODOLOGY
Photogrammetry intends to identify of objects shape, size or location recorded with a detection system using the photographs or records in electromagnetic spectrum. For this purpose a large number of measurements have to be performed and orientations parameters have to be determined with known camera geometry (Fraser 1997 , Luhmann et al., 2010 , Lagüela et al., 2011 . In classic photogrammetric approach, camera geometry is expressed with the determined interior orientation parameters. The determination the lens distortion of sensor International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-1/W1, ISPRS Hannover Workshop 2013, 21 -24 May 2013, Hannover, Germany system or camera is also important for accuracy of the determined 3D coordinates. In order to obtain threedimensional information from images, at least two images recorded with known camera geometry (interior orientation parameters and lens distortions) from different position in addition to signalized control points (Remondino and Fraser, 2006) . These parameters generally determined with geometric calibration in close range photogrammetry with introduced additional parameters to the bundle block adjustment.
Interior orientation parameters consist of focal lenght of photogrammetric cameras (c) and principal point position (x 0 , y 0 ). The principal point position in the traditional photogrammetric cameras was defined with photograph coordinate system with the help of the fiducial marks. The lens systems used in cameras was composed with combination use of lenses instead of a single lens. The projection of a points P from 3D object coordinate system to the 2D photograph system is not always performed correctly and actual photograph coordinates of point P is deviated. The difference called lens distortion and has two component radial and tangential distortions.
Geometric calibration is generally performed with introduced additional parameters to bundle adjustment using multi photographs of the test object taken from different points. The mathematical for the bundle adjustments is based on the collinearity equation; 
The introduced additional parameters in bundle block adjustment are estimated with measured coordinate of tie point and control points in all photographs. The coordinate of control points should be precisely known and control points should distributed different depth and different location. In general, 3D test object is used for geometric calibration process. The 3D test object is important for accurate estimation of interior orientation parameters and lens distortions.
EXPERIMENT
To perform, precise geometric calibrations of termographic cameras, 3D test object which has 77 control points distributed in different depth and location was designed (Figure 1 ). The location of control points were designed so that not covers other control points when the images recorded from different position and angles. In other words, the main aimed was measure maximum number of control point on images recorded from different positions. The 3D design and modelling has been performed by using Auotocad software. As can be seen in Figure 1 , the distance between the red, green and blue planes approximately 70 cm which supplied control points distributed three different depths. The designed 3D test object was manufactured from iron profile and special marks placed on the control points which produced by plastics. The coordinates of control points were measured with reflectorless total station with high accuracy.
Figure 1. 3D test object
For performance evaluation, Flir A320 termographic camera with spectral range is 7.5-13 μm was used. The Nikon D3X SLR digital camera was used as reference for comparison (Figure 2 ). The technical details of the used camera can be seen in Table 1 . The digital images of the 3D test object were recorded with Flir A320 termographic camera and Nikon D3X SLR digital camera from different positions and orientation angles (0º, 90º 180º and 270º) (Figure 3 ).
(a) (b) Figure 3 . The image recorded with theNikon D3X SLR digital camera (a) and Flir A320 thermal camera (b)
The location of the principal point was set the centre of images for both digital and termographic camera and photograph coordinate system was defined each recorded images. The photograph coordinates of the control points were measured manually on digital and termographic images. The PHIDIAS software was used for coordinate measurement and bundle adjustment which developed by PHOCAD. Figure 4 shows the photograph coordinate measurement of the control points on images recorded with digital camera from different positions. The bundle block adjustment was performed first with given focal length (see Table 1 ), principal point location (centre of images) and blunders were eliminated. At the second stage of bundle block adjustment, additional parameters which consist of interior orientation parameters (∆x 0 , Δy 0 , Δc), radial distortion (K1, K2, K3) and tangential distortion (P1, P2) parameters were included. The determined geometric calibration parameters with bundle block adjustment for the Flir A320 termographic camera and the Nikon D3X SLR digital camera were given in Table 2 and  Table 3 . Table 2 . Flir A320 termographic cameras geometric calibration parameters Table 3 . Nikon D3X SLR digital cameras geometric calibration parameters .
The Flir A320 thermal cameras focal length was determined 17.2262 mm and principle points location (x 0 , y 0 ) was determined 0.2883 mm, -0.1995 mm. The Nikon D3X SLR digital cameras focal length was determined 19.7582 mm and principle points location (x 0 , y 0 ) was determined 0.0293 mm, -0.0955 mm. The correction for the focal length and principal point location and radial and tangential distortion parameters bigger for Flir A320 termographic camera in comparison to the The Nikon D3X SLR digital cameras as expected (see Table 2 and Table 3 ). termographic and digital camera, the pixel size should also be taken into account since the pixel size was 25 µm for termographic camera and 6 µm for digital camera.
The bundle block adjustment were repeated with determined geometric calibration parameters for both Flir A320 termographic camera and Nikon D3X SLR digital camera. The obtained results of the measured image coordinates were given in Table 4 . The obtained standard deviation of measured image points in Flir A320 termographic camera images almost same accuracy level with digital camera in comparison with 4 times bigger pixel size. These results show that, interior geometry of the termographic cameras and lens distortion modelled efficiently with proposed approach for geometric calibration.
CONCLUSIONS
In this study, the workflow for the performance evaluation of the termographic and digital cameras is presented for possible use for determination of 3D geometric locations of the historical and cultural heritage buildings in photogrammetric documentation and deformation analyses caused by moisture and isolation problem of the historical and cultural heritage. The 3D test object was designed and manufactured for the geometric. The geometric calibration parameter were determined with introduced additional parameters into the bundle block adjustments for interior orientation parameters (x 0 , y 0 , c), radial distortion parameters (K1, K2, K3) and tangential distortion parameters (P1, P2) for both Flir A320 termographic camera and The Nikon D3X SLR digital camera. The results of the geometric calibration show that, the termographic camera yield high distortion value and large shift of principal points. When compare the performance of termographic and digital camera, the pixel should also be taken into account since the pixel size was 25 µm for termographic camera and 6 µm for digital camera.
The bundle block adjustments were repeated with determined geometric calibration parameters for both Flir A320 termographic camera and Nikon D3X SLR digital camera. The obtained standard deviation of measured image coordinates was 9.6 μm and 10.5 μm for Flir A320 termographic camera and 8.3 μm and 7.7 μm for Nikon D3X SLR digital camera. The obtained standard deviation of measured image points in Flir A320 termographic camera images almost same accuracy level with digital camera in comparison with 4 times bigger pixel size. These results showed that, interior geometry of the termographic cameras and lens distortion was modelled efficiently with proposed approach for geometric calibration.
The obtained results from this research showed that, if the interior geometry of the termographic cameras and lens distortion modelled efficiently with 3D test object, these cameras can be used for photogrammetric documentation and deformation analyses caused by moisture and isolation problem of the historical and cultural heritage accept for the defining the object border because of small pixel size. 
